ABSTRACT Objective
INTRODUCTION
Granulomas and periapical cysts are the most prevalent periapical lesions, and despite the considerable advances in dental research, the rate of failure in endodontic treatment with periapical injuries remains relatively high. It is estimated that only 60 out of every 100 granuloma and/or periapical cysts regress after endodontic treatment, without endodontic surgery 1 . The treatment of apical periodontitis consists in the elimination of infection from a root canal and preventing re-infection with the hermetic obturation of the root canal space. Even with all the apparatus and technology available, endodontic treatment many times fails 2 . The etiopathogenesis of inflammatory periapical injuries is linked to the colonization of microorganisms in the interior of the root canal system. These bacteria liberate intercellular mediators, humoral antibodies and effector molecules for periapical tissues 3 . Such pathological condition may destroy bone and may grow expansively as a consequence of the collapse of the extracellular matrix, leading to the accumulation of osmotic pressure in cystic fluid and/or perilesional bone resorption. The exact mechanism associated with this growth and expansion remains unclear, although it is known that several types of cells, including mast cells, do play a role in such phenomena 4 . Mast cells are cells that reside in the connective tissue and contain a large number of granules, rich in histamine, heparin, chymase, serotonin, and also cytokines. They are also able to secrete additional mediators, which are not performed by their granules such as interleukins (IL) 5 . Although well known by their significant protective roles in allergies and anaphylaxis, through cross-linking of their surface receptors for IgE; called the human high affinity receptor for IgE (FcεRI) [6] [7] which leads to degranulation and the release of vasoactive, proinflammatory and nociceptive mediators including, IL-6, IL-8, Prostaglandin D2 (PGD2), tryptase, and vascular endothelial growth factor (VEGF) [8] [9] , mast cells are also involved in the healing process and defense against pathogens. They are present in most tissues, surrounding the blood vessels, and are prominent in the following areas: close to the skin; in the mucosa of the lungs; in the digestive tract; in the oral cavity; in connective tissue and in the nose 10 . Nevertheless, some studies have found that the presence of mast cells is higher in periapical cysts than in granulomas 10, [13] [14] . Therefore, locating and quantifying them in the periapical lesions might be an immunohistochemical comparison parameter concerning cysts and granulomas.
Given the importance of mast cells and the functions they perform, the aim of the present study was to locate mast cells in chronic periapical lesions (granulomas and cysts) by using histochemical techniques and toluidine blue staining.
METHODS
A quantitative, descriptive, cross-sectional and retrospective research was performed. The present study used a convenience sample obtained from histopathological records of granuloma and periapical cysts in the archives from the Surgical Pathology Laboratory in Faculdade de Odontologia de Pernambuco (FOP/UPE) from November 2014 and May 2015. Sixteen cases of periapical granuloma and 21 cases of periapical cysts were analyzed. The samples were selected based on laboratorial previously existing anatomical and pathological records. Nevertheless, all cases were revised by a pathologist in order to ensure greater control of the samples, in previously slides stained with hematoxylin and eosin.
Demographic data (age, gender and race) were obtained from the clinical forms related to biopsy indications in the archives of the above mentioned laboratory.
Toluidine blue staining
Cuts of 5µm (thickness) were obtained from the material embedded in paraffin. They were then placed on glass slides prior to staining with toluidine blue (0.2%). At this stage, cases in which the paraffin blocks did not exhibit sufficient material to obtain semi-serial sections were excluded. Thirty-seven cases were submitted to toluidine blue staining based on the following protocol: xylol for 10 minutes; absolute alcohol for 5 minutes; 80% alcohol for 5 minutes; 70% alcohol for 5 minutes; distilled water for 5 minutes; toluidine blue solution for 3 minutes; running water for 8 minutes; drying in a stove at 37°C for 24 hours; immersion in xylol for mounting; and mounting in permount.
Microscopic analysis
The slides were examined under light microscopy (Olympus CH30 RF200), at a magnification of 100 and 400 x, to confirm the presence or absence of mast cells in the periapical cysts and periapical granuloma. The staining of mast cells was noted as violet-colored cytoplasmic granules. Slides that exhibited coloration linked to the toluidine blue were analyzed by two examiners at distinct times (triple-blind study).
Statistical analysis
In order to determine the degree of coincidence between the examiners, Kappa coincidence scores (descriptive statistics), as well as a confidence interval of 95% for the population Kappa (inferential statistics), were obtained. The following scale has been suggested for the interpretation of Kappa scores: < 0.20 = poor; 0.21-0.40 = weak; 0.41-0.60 = moderate; 0.61-0.80 = good; 0.81-0.99 = excellent; 1.00 = perfect. Using the confidence interval for this index, it is possible to confirm the hypothesis related to the value of the population Kappa (inferential statistics). The level of significance used in the statistical tests was 5%.
RESULTS
The age of the patients analyzed ranged from 18 to 69 years, with a mean age of 38.53 years, a median of 37.50 years, a standard deviation of 13.41 years and a coefficient of variation of 34.80%. Age data were available for 32 patients and from these, 18 (56.2%) were aged between 18 and 40 years and 14 (43.8%) were aged 41 years or more. Fourteen (37.8%) of the individuals assessed were male and 23 (62.2%) were female. Race data were available for 23 of those analyzed. From these, seven (30.4%) were black, 14 (60.9%) were white and two (8.7%) were classified as other (non-defined color).
From the 37 slides analyzed, corresponding to 37 patients, 21 (56.8%) corresponded to periapical cyst and 16 (43.2%) to periapical granuloma, as per the established histopathological diagnosis.
The clinical diagnosis of the periapical cyst, provided by the dental surgeon, coincided with the histopathological record in 17 (45.9%) of the cases. For periapical granuloma, this coincidence was only applicable in three (8.1%) of the cases (Table 1) . In the 13 cases involving periapical cysts and the presence of mast cells, the cells were located in the lesion capsule. In the eight cases involving periapical granuloma and the presence of mast cells, these cells were located in the granulation tissue ( Figure 1 and Table 2 ).
In the 37 cases involving periapical lesions, coincidence between the examiners, in terms of the detection or not of mast cells, occurred in 29 (78,4%)(moderate Kappa value of 0.56). It is important to stress out of the 29 cases of coincidence between the two examiners, 15 (51.7%) were related to the presence of mast cells and 14 (48.3%) were related to the absence of the mentioned cells.
DISCUSSION
Considering that mast cells are not easily recognized by hematoxylin and eosin, and may be confused with a variety of other cells and immature granulocytes 4 , the authors of the present study chose to assess these cells through toluidine blue staining. Since toluidine blue is a cationic dye, it exhibits the capacity to selectively integrate with the glycosaminoglycan-protein complex (highly ionized) 11 . A hallmark feature of mast cells from all species is their striking metachromatic staining with various cationic dyes such as toluidine. In these cases, metachromasia occurs as a resultof the absorption spectrum of the dye.
According to Rodini et al. 12 , studies comparing the presence of mast cells in periapical granuloma and periapical cysts have confirmed that the quantity of mast cells is higher in periapical cysts than in granulomas. Mahita et al. 10 analyzed histologically fifteen periapical cysts and fifteen periapical granulomas by using toluidine blue and also found more mast cells in the cysts. The same authors reported that in both lesions, mast cells were more common in the sub-epithelial tissue than in the deep connective tissue. Similar results were found by Patidar et al. 13 who investigated the presence and distribution of mast cells in periapical cysts, dentigerous cysts and keratocystic odontogenic tumor. Ten cases of each injury were selected. A greater number of mast cells was located in the periapical cysts, in which the sub-epithelial zone contained more mast cells than in deeper zones. Similar results were found in this study, since the presence of mast cells was more significant in periapical cysts than in granulomas. These data could explain the higher growth trends of cysts, since these cells reportedly play an important role in the development of the lesion [14] [15] , mainly because the increase in the average mast cell count in cysts may lead to inflammatory changes by the intense release of their chemical mediators; and when stimulated by etiological factors such as bacterial neurotoxins, they increase in number and undergo degranulation, causing inflammatory and vascular changes, contributing to their development and expansion, more than they do in granulomas 16 .
According to Shafer et al. 16 and Lindhe 17 , periapical cysts originates from a periapical granulomas with preexisting epithelium, which is a focus of a chronically inflamed intraosseous granulation tissue, located in the apex of a tooth without vitality. Therefore, the periapical cysts are expected to be older and potentially larger than granulomas, which might explain the greater amount of mast cells in the former. Mast cell proteases, classified into a carboxypeptidase, chymases, and tryptases 18 , also cleaves and inactivates interleukins, such as IL-6,IL-13, TNF, Endothelin 1 and Anaphylatoxin C3a. This can only be described as an anti-inflammatory action which restrains the excess inflammation. They also promote neutrophil and eosinophil aggregation, while stimulate T lymphocyte and influence the endothelial cells to release mediators upon activation, contributing during process of repair by neo-angiogenesis, fibrinogenesis and reepithelization, characterizing a pro inflammatory action as well 20 . Therefore, depending on the situation, mast cells can stimulate inflammation or restrain it, influencing the acutization and chronification processes.
In this study, all of the stained mast cells were detected in the capsule of periapical cysts, similar to the study of Mahita et al. 10 accomplished in 2015. The authors stated that the constituents of the periapical capsule included mast cells, among other cell types. This specific location could emphasize the findings reported in 1996, concerning bone resorption, in the work of Teronen et al. 20 . These authors stated that mast cells, typically those belonging to the degranulated variety, were located in the periphery of odontogenic cysts and used the secretion of tryptase to contribute to bone resorption during the growth of cysts.
Concerning the location of mast cells in periapical cysts, it was notable that, even in confirmed cases of exocytosis, no mast cells were observed permeating the epithelium of cysts. This finding corroborates Norrby 21 and Metz et al. 22 , both of whom previously stated that mast cells are usually located in the connective tissue of mammals, with the exception of avascular tissue, such as the epithelium. However, the studies of Mahita et al. 10 Rodini et al. 12 and Patidar et al. 13 disagreed with these statements as they all detected mast cells in the epithelium in connective tissue, as well as in intra-epithelial areas. Similar to the studies mentioned above, the quantity of mast cells found in the present study was low, which may have been due to the condition of the paraffin blocks and the consequent loss of reactivity to the dye, which may happen as a result of time effect which many decrease the reactivity, but not so much as to contraindicate the method.
In periapical granulomas, mast cells were found permeating the granulation tissue. These findings are in agreement with the results of Perrini and Fonzi 23 , which confirmed the presence of mast cells in periapical granulomas. These authors did not use quantification methods in their research, similar to the present study. However, the study of Kontianen et al. 24 reported that 2% of the cells in granuloma and periapical cysts were mast cells.
Mast cells were detected in the thick connective tissue (capsule) of cysts in the present study.This finding can be explained by the conclusions of Ruoss et al. 25 which stated that mast cells are necessary for pathological responses and suggested that they play an important role in fibroblastic proliferation. Torabinejad and Bakland 16 , in 1978, already proposed that the reaction measured by IgE could play a significant role in the initiation and development of periapical lesions if mast cells and effector B cells containing IgE were present.
Santos Netto et al. 4 analyzed mast cells using the toluidine blue technique and an immunohistochemical technique involving anti-tryptase antibody (clone G3) with 20 periapical cysts, 20 dentigerous cysts (14 inflamed and six non-inflamed) and 20 keratocystic odontogenic tumors. They noted that the mean number of mast cells found using the immunohistochemical technique was higher than when using histochemistry (P <0.0001). They also found a greater quantity of mast cells in inflamed dentigerous cysts and keratocystic odontogenic tumors than in noninflamed lesions, which could indicate the participation of these cells in the inflammatory responses associated with odontogenic injuries.
From the 29 cases that were coincident among the two examiners in the present study, 15 (51.7%) were correlated with the presence of mast cells and 14 (48.3%) were correlated with the absence of mast cells (moderate Kappa value of 0.56). This value is notable, given that the histological analysis of the detection of cells remains subjective.
Based on the concept that mast cells play a critical role in the induction of inflammation, therapeutic agents should be used to alter their function and secretion, in order to impede inflammation in its early stages. These findings suggest the possible role of mast cells in the pathogenesis of periapical lesions 10 . One of the limitations of the present study was the lack of quantification by field for the mast cells located in the lesions studied, which would have made this research more complete and interesting. Therefore, we suggest that future studies include such method, as well as the detection of other cells and proteins, using other dyes and immunohistochemical techniques for mast cells. Metalloproteinases are markers of mast cells and would certainly provide a more satisfactory elucidation of these endodontic pathogens.
CONCLUSION
Despite the fact that mast cells were found in both of the periapical lesions, their occurrence was greater in periapical cysts, particularly in the capsule. This could explain the greater growth potential observed in the periapical cysts than in the periapical granulomas.
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